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BACKGROUND OF PREDETERMINED TIME SYSTEMS 


D. W. Karger 
Chief Plant and Industrial Engineer 
The Magnavox Company 
Fort Wayne, Indiana 
before 
Second Annual Industrial Engineering Conference 
A.I.I.E., Fort Wayne, Indiana 


April 26, 


The search for a better way to do things has 
progressed since the birth of mankind. The in- 
ventor of the wheel, undoubtedly, was motivated 
by a desire to eliminate some of the hard work 
involved in dragging things about on a travois. 


Likewise, industry from its earliest begin- 
nings, has always been concerned with manufac- 
turing methods. The interest is greatest during 
periods of low profit and severe competition. It 
is less during times of high profit, which may be 
a factor in causing economic down-swings. 


In the 19th and the early part of this century, 
Taylor, Gantt, the Gilbreths, Emerson and others 
originated the scientific management concept. 
They introduced and developed many new princi- 
ples of management together with techniques de- 
signed to systematize and standardize the plan- 
ning, operation and control of industry. 


These men were primarily concerned with 
the workers. Basic to the implementing of many 
of these progressive steps was the establishment 
of an adequate basis for work measurement. The 
evolution of better methods has been rapid ever 
since the establishment of work measurement 
techniques and procedures. 


Dr. Frederick W. Taylor is generally known 
as the father of scientific management. He is 
responsible for the first definitive approach to 
work measurement. He approached this problem 
on the basis that one cannot scientifically manage 
something that they cannot measure. He set up 
a method of objectively measuring human perform- 
ance. 


Few people realize how far back in time the 
measurement of human performance in industry 
dates. Please note that it was in 1885 that Dr. 
Taylor was made a foreman of the Midvale Steel 
Company near Philadelphia and began his work 
on this subject. 


1956 


It is believed that most of us know of Dr. 
Taylor's activity from this point on, however, a 
short review might be in order. His first ef- 
forts involved the establishment of production 
levels based on past performance records. He 
soon realized that these standards, based on the 
same poor performance that he wanted to elimi- 
nate would not be satisfactory. His next step 
was to use the stop watch to time elements of 
operations. 


Dr. Taylor was not the first to use a stop 
watch. I know of one instance as early as 1760, 
when M. Coulomb used a watch to time operation 
elements for industrial planning purposes. Taylor, 
however, developed a full technique for stand- 
ardizing performance times by using a stop 
watch together with a specific and detailed pro- 
cedure. 


Soon after Dr. Taylor began his work, Mr. 
Frank B. Gilbreth decided to leave the construc- 
tion field, and in which he had been a success- 
ful building contractor, to devote his time to the 
study of methods as they are related to scien- 
tific management. The Gilbreth story is even 
more common than that of Dr. Taylor and no 
elaboration should be required. The Gilbreths 
emphasized the method, whereas Taylor ap- 
peared to emphasize time. Both Taylor and 
Gilbreth won many followers, however, this fol- 
lowing resulted in the development of two groups 
who considered themselves irrevocably opposed 
to each other. This lasted roughly from 1910 
to 1930. One group was known as the Time 
Study Group and the other as the Motion Study 
Group. 


Eventually, the groups became better ac- 
quainted and found that they really differed little 
in their fundamental approaches. This ultimate- 
ly resulted in combining the best features of 
both procedures into what is known today as 
Methods Engineering. 
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Reference has been made to the fact that 


time study is not a recent development. 


This 


is further emphasized by a study of scientific 
management made for the United States Com- 
mission on Industrial Relations in 1914 by Mr. 


Robert Franklin Hoxie. 


Mr. Hoxie listed in 


1914 some seventeen factors in time study prac- 
tice which at that time could be varied, subject 


to human will. 


These factors enter into time 


study standards today the same as they did in 


1914. 


1. 


10. 


11. 


His seventeen factors are as follows: 


The general attitude, ideals, and purposes 
of the management and the consequent 
general instruction given to the time 
study man. 


- The character, intelligence, training, and 


ideals of the time study man. 


- The degree to which the job to be timed 


and all its appurtenances have been stud- 
ied and standardized looking to uniform 
conditions in its performance for all the 
workers. 


- The amount of change thus made from 


old methods and conditions of perform- 
ance, e.g., the order of performance, 
the motions eliminated, and the degree of 
habituation of the workers to the old and 
the new situation when the task is set. 


- The mode of selection of the workers to 


be timed and their speed and skill rela- 
tive to the other members of the group. 


The relative number of workers timed 
and the number of readings considered 
sufficient to secure the result desired. 


. The atmospheric conditions, time of day, 


time of year, the mental and physical 
condition of the workers when timed and 
the judgment exercised in reducing these 
matters to the "normal." 


- The character and amount of special in- 


struction and special training given the 
selected workers before timing them. 


- The instructions given to them by the 


time study man as to care and speed, 
etc., to be maintained during the timing 
process. 


The attitude of the time study man to- 
ward the workers being timed and the 
secret motives and aims of the workers 
themselves. 


The judgment of the time study man as 
to the pace maintained under timing rela- 
tive to the "proper," "normal," or maxi- 
mum speed which should be demanded. 


12. The checks on the actual results used by 
the time study man in this connection. 


13. The method and mechanism used for ob- 
serving and recording times and the de- 
gree of accuracy with which actual re- 
sults are caught and put down. 


14. The judgment exercised by the time 
study man in respect to the retention or 
elimination of possibly inaccurate or 
"abnormally" high or low readings. 


15. The method used in summing up the 
elementary readings to get the necessary 
elementary time. 


16. The method employed in determining how 
much should be added to the "necessary 
time'' as a human allowance, and 


17. The method of determining the machine 
allowance. 


While many of the factors listed by Mr. Hoxie 
have been. at least partially overcome by better 
training, more careful adherence to proper pro- 
cedure, the use of leveling films, etc., time 
study practice today is still open to active 
criticism on each of the seventeen factors. That 
such criticism is of a crucial nature is af- 
firmed by serious strikes, files of grievances, 
and other positive evidence of time study failure. 


Before anyone gets a false impression from 
the above statements it should be emphasized 
that I believe time study to be practical and we 
in our company use it as a very practical and 
useful industrial engineering tool. In a like 
manner, we use MTM. : 


In the early development of the steam en- 
gine, designers worked with cylinders 3/8" or 
more out of round; and it was a real accomp- 
lishment when they finally manufactured a 57" 
cylinder, true within the thickness of an old 
shilling. Today, designers work in terms of 
millionths of an inch. As methods of produc- 
tion have improved, the acceptable tolerance in 
terms of total measurement has been much re- 
duced. 


In a similar manner, as production methods 
have been refined and the work volume per 
worker increased, standards of work measure- 
ment need to be more precise. The precise- 
ness of measurement and the tolerance inherent 
in normal time study procedure was at one time 
acceptable, but they are rapidly becoming unac- 
ceptable in many applications. This has essen- 
tially fostered the development of predetermined 
time systems. 
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Perhaps it would be well to journey back to 
Dr. Taylor. Taylor recognized the relationship 
existing between methods and time, which was 
evidenced by his subdividing an operation into 
time study elements such as: "pick up piece," 
"place in jig,'' etc. The Gilbreths refined 
Taylor's concepts of work elements by further 
subdivision into therblig elements of transport 
empty, transport loaded, grasp, use, assemble, 
etc. The therblig classifications emphasized 
primarily a better understanding of the compo- 
sition of normal industrial operations from an 
operator's standpoint. They were not developed 
with great concern for the absolute performance 
time for the therblig elements. The therblig 
sub-divisions did, however, lead to a classifica- 
tion of elements adequate for what is known 
today as predetermined time standards. 


Resuming the history of work measurement, 
we need to go back to the period following World 
War I. The economy of our country expanded 
and boomed for almost the entire 1920 decade. 
Industry grew rapidly as a result of an ever-in- 
creasing demand for goods and services of every 
description. This demand in turn brought about 
the application of promising approaches to work 
measurement in order that profits might survive 
in spite of increasing financial pressure, compe- 
tition, inflation, and general needs for increased 
production. 


Reliable work analysts of both the time study 
and motion study groups were enlisted. Industry, 
however, wanted fast answers and it soon became 
obvious that good analysis took patient long hours 
of qualified effort and in addition there still ex- 
isted areas of uncertainty. 


As often happens in human affairs, when the 
need is great, well intentioned, but often unquali- 
fied, persons tend to exploit such situations for 
their own profit. During this period, many 
"salesmen" with little or real understanding of 
either management or work measurement grabbed 
stop watches, "'pat'' analysis reports, newly 
created jargon, etc., and worked industry for all 
they could get. Thus evolved the era of the "ef- 
ficiency experts.'' The damage they did repute 
of work measurement, alienated workers and 
their unions, and bred many other undesirable 
effects which still partially persist. 


What went wrong? Obviously, adequate and 
reliable work measurement is a professional ac- 
tivity of high calibre. It was a lack of profes- 
sional approach that caused most of the trouble. 
Other things had apparently entered the situation 
and the more astute practitioners began at this 
point to seriously analyze the nature of work 
measurement itself. 


The basic precepts of the pioneers them- 
selves pointed the way to the more refined solu- 
tion. Dr. Taylor insisted that: 


1. The right operator be found to permit 
reliable study. 


2. The correct tools should be properly 
used by the operator. 


3. The operator should use the proper mo- 
tions during performance. 


4. Only then should a stop watch be em- 
ployed to find the task time. 


5. No value could accrue from the study 
unless teaching and enforcing the use of 
the method on which the time was taken 
followed the study. 


To these guiding lights, the Gilbreths added 
several other ideas: 


1. If the best, least involved, motions are 
used for a task, the time required will 
automatically be minimal. 


2. Performance times are subject to na- 
tural variation and the laws of probabil- 
ity; out of the range of times for a given 
motion, the most useful value is the 
mean time. The average operator is 
most numerous. 


3. No work study or other means of speci- 
fying job content is adequately done un- 
less the human factors have been con- 
sidered and humane answers found. Co- 
operation is superior to coercion. 


4. Human beings differ markedly in many 
ways; but, in the statistical sense, there 
are points of similarity between all peo- 
ple which permit the discovery of laws 
of behavior that can predict actions with 
calculated reliability. The physiological 
mechanism involved in motion perform- 
ance is such a point of likeness. 


It is logical that attention should be given 
to both the motions and the elapsed times in- 
volved in work performance. This is done in 
all predetermined time systems. The natural 
equivalence between motions and times, exhibit- 
ing a mathematical relation such that variations 
for workers with adequate practice tends to be 
minimal is the basic key to all predetermined 
time systems. 


The credit for first stating this key is gen- 
erally attributed to Mr. A. B. Segur, who wrote 
in Manufacturing Industry during 1927 as fol- 
lows: 
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"Within practical limits, the time required 
for all experts to perform true fundamental 
motions is a constant." 


The desirability of predetermining both the 
basic motions and the time required for an av- 
erage operator to perform them was indirectly 
acknowledged almost from the beginning of work 
measurement. Many noted analysts achieved 
success by amassing large amounts of standard 
data for typical jobs. The work of Carl Barth, 
Harrington Emerson, the Industrial Management 
Society, and Ralph M. Barnes typified this ap- 
proach. 


A word of caution is in order at this point. 
Neither a stop watch time study nor motion study 
with therbligs have been superseded by prede- 
termined time systems. Current methods engi- 
neering demands that the most appropriate tool 
be used for the task at hand. This may involve 
stop watch time study, time and motion study or 
the use of a predetermined time system depend- 
ing upon the situation involved. 


Predetermined time systems were rather 
slow in development. Only about three of them, 
notably MTA (Methods Time Analysis), Work 
Factor, and MTS (Motion Time Standards) trace 
their usage into the 1930-1940 era. Possibly 
this was in part due to the effects of the de- 
pression and its aftermath. The bad taste left 
by the “efficiency experts" of the 1920's also 
undoubtedly left its effect. Industrial Engineers 
had to expend much of their energy and thought 
to overcome this bad reputation of the "effici- 
ency expert" and this hindered profitable usage 
of their time in developing new approaches to 
work measurement. 


This situation did not continue. The 1940's 
brought a rapid war mobilization with shortages 
of material and man power. It was during this 
period that several more of the better known 
predetermined time systems, including MTM, 
originated. Then, from 1950 to the present 
time, the predetermined time systems already 
established, continued a healthy growth as 
competition reappeared. Additional systems 
have also come into existence since 1950. 


We have discussed predetermined time sys- 
tems. Just what is a predetermined time sys- 
tem? It is defined as follows: A Predetermined 
Time System is an organized body of informa- 
tion, procedures, and techniques employed in the 
study and evaluation of work elements performed 
by human power, in the terms of the methods, 
or motions used, their general and specific na- 
ture, the conditions under which they occur, and 





the application of prestandardized or predeter- 
mined times which their performance requires. 


The definition of Methods-Time Measure- 
ment does not vary a great deal from the gen- 
eral definition of a predetermined time system. 
MTM is officially defined as follows: 





Methods-Time Measurement is a procedure 
which analyzes any manual operation or method 
into the basic motions required to perform it 
and assigns to each motion a predetermined 
time standard, which is determined by the na- 
ture of the motion and the conditions under 
which it is made. 


Methods-Time Measurement is the only pre- 
determined time system, whose entire data has 
been made completely available to the general 
public. It was developed at the Methods Engi- 
neering Council, Pittsburgh, Pennsylvania by 
Messrs. Harold B. Maynard, Gustave J. Stege- 
merten and John L. Schwab. These men aided 
the development of scientific management a 
great deal by founding with others, a non-profit 
Research and Development Organization known 
as the MTM Association for Standards and Re- 
search. They assigned all of their data and 
development rights to this Association. The 
Association itself, since its founding, has been 
carrying out further research, approximately 
$100,000 worth, and thereby, is refining and 
extending the usage of MTM. 


Time permitting, let us explore MTM a bit 
further. First of all it is an analytical pro- 
cedure. The procedure's analysis must be ac- 
complished if the time required for the motions 
made is to be established. Definite steps must 
be followed to make successful usage of the 
time data. The fact that analysis cannot be cir- 
cumvented, if usable results are to accrue from 
either the method or time viewpoints, is most 
important. The analysis designed into the MTM 
system, inherently aids its user to arrive at 
better methods and lower times for a given task. 


The time assigned to each motion does not 
depend on the operator; it is for the average 
operator in the universally varying distribution. 
The element of judgment of performance re- 
quired by a time study analyst is eliminated 
and the times established are therefore fully 
objective. 


Finally, the time depends on both the true 
nature of the motion in question and the condi- 
tions of performance imposed on the motion by 
all other agencies besides the operator involved 
in the situation. 
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I have mentioned other predetermined time 
systems. I would therefore like to leave with 
you some means of judging their worth. To do 
this, effectively, nine criteria for judgment of 
predetermined time systems will be given. They 
are as follows: 


1. 


The approach and usage of the system 
should be professional in the best sense 
of the term. Salesmanship of a system 
is necessary, but it must be done with 
a fitting dignity and taste. Human lives 
are affected and therefore the best pro- 
fessional treatment is required and in 
order. 


. A good predetermined time system must 


be maintained in a dynamic condition to 
meet the challenge of change. Actual 
work systems are dynamic, changing 
with the times and new technology. To 
meet this rule, a continuing program of 
research is required. 


. A good system has practical emphasis 


and it must give correct answers. The 
best means of assuring this facet for 
predetermined time systems concerns 
the use of two main data sources. Lab- 
oratory data developed under controlled 
conditions should properly be used only 
for isolation of the variables, their na- 


2. The system must be based on sound con- ture, their inter-relationships, and the 
cepts. approximate numerical limits that they 
normally exhibit. For the actual appli- 
3. The data must be validated by both de- cation data, however, reliance must be 
velopers and by independent efforts. This placed on industrial samples of sufficient 
validation has occurred with MTM. scope, range, and size to permit valid 
conclusions. 
4. There should be some form of training 
control so as to insure that misuse of . The final feature of a good predeter- 
the system through partial or improper mined time system is universality. Ac- 
understanding will not endanger a repeti- ceptance must be broad, not confined to 
tion of the "efficiency expert" era. limits such as special industries, geo- 
graphical boundaries, or usage by re- 
5. The working form of a good predeter- stricted clientele. 
mined time system must be practical and 
practicable to make it adaptable to the I am sure that each of you is intelligent 
solution of many types of work study and capable of applying these rules or gauges 
problems. It must be applicable to a to judge the worth of any predetermined time 
wide range of variation in work content, system that you are questioning. 
industrial practices, and worker skills. 
6. A good system is easy to use. 
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I 


MTM'S PART IN ESTABLISHING ASSEMBLY METHODS FOR INCENTIVE PURPOSES 


Charles A. Bogenrief 
Department Head of Industrial and Plant Engineering 
Grayson Controls Division 
Robertshaw-Fulton Controls Company, Long Beach, California 


At the 4th Annual International MTM Conference 
Held in Chicago 
On October 5th & 6th, 1955 


Industrial Engineers are constantly striving 
to improve the techniques used in establishing 
better work methods. As a result, when MTM 
was introduced to industry several years ago it 
had definite appeal to all of us. 


I was considerably impressed by an early 
article on MTM published by Fortune Magazine. 
Here a case study on MTM's use in predeter- 


mining time standards for a completely conveyor- 


ized assembly line was discussed. 


By coincidence, this first application was 
made in the Robertshaw Thermostat Division at 
Youngwood, Pennsylvania and I had the good 
fortune of seeing this assembly line in operation 
a short time after the installation. 


Our management became very interested in 
MTM and began training our engineers in the fall 
of 1951 and, as I recall, this was the second 
training session to be held on the West Coast. 


Now, before proceeding with the details on 
our use of MTM, I believe some background in- 
formation will be helpful so that you can see 
more clearly our problems before and after the 
advent of MTM in our organization. 


Our division is one of eight divisions of the 
Robertshaw-Fulton Controls Company located 
throughout the United States. We employ ap- 
proximately 1300 people and in January of this 
year moved into new quarters with 235,000 
square feet of floor space. 


We manufacture thermostats and control 
devices for the heating industry. Our principal 
product is thermostats for hot water heaters. 
Our production rate on these units amounts to 
several thousand per day. You can see by this 
volume that good methods are very important. 


All of our direct labor, including foundry, 
plating, machine shop and assembly, is on a 
standard hour incentive plan, which has been in 
effect since 1946. Prior to World War II, piece 
rates were applied in certain departments. 


Now,- so much for background information, 
let's look at the story of MTM in assembly 
operations. 


Prior to the use of MTM, we were facing 
the usual problems of Industrial Engineering and 
were hard pressed with these three. 


1. Inability to adequately describe work 
methods so necessary with guaranteed 
incentive rates. 


2. Difficulty in pre-planning assembly oper- 
ations to assure line balance for flow 
purposes. 


3. Estimates for cost purposes on proposed 
new products were not accurate enough. 
Quite often, costs determined from pre- 
liminary estimates were 10% to 15% and 
even more over or under the actual 
standards as established when the unit 
was in production. 


Now I don't mean to infer that everything 
was in chaos with our methods and standards 
program and MTM saved the day. Up until the 
introduction of MTM in our company we had 
better than average control of methods and 
standards. This was not good enough for as- 
sembly operations. 


On machinery and process operations, much 
of the job cycle time is controlled by the ma- 
chine or process. 
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In assembly, practically all operations are 
manually controlled. It is imperative that these 
methods be so defined as to assure a sound 
standard, one that can be guaranteed. 


We knew that, regardless of past errors in 
judgment on standards, MTM would not solve 
them. The advantages of MTM would come with 
its future use and not in the correction of past 
wrongs. 


Up to this point I have been pointing out 
some general aspects of the problem. Here is 
a brief step by step procedure on how we use 
MTM to establish assembly standards for incen- 
tive purposes. 


I'm not going to stress the application of 
MTM symbols to specific motions. I'm sure 
that you are more interested in how someone 
else uses MTM, what problems they encounter 
and how they solve them. With this thought in 
mind, I have picked a typical operation in our 
assembly and will use it as an example. 


Let's assume this operation is ready for study 
then this procedure follows: 


The Industrial Engineer contacts the fore- 
man of the section or area where the operation 
is located. After informing the foreman of his 
proposed job study, together, they review the 
operation. 


If the foreman agrees the operation is ready, 
then an MTM analysis is prepared. At this 
point, changes in method found necessary by the 
analysis are taught to the operator. When the 
method is satisfactory to the engineer, he con- 
tacts the foreman again to obtain approval of the 
final method. The foreman checks the descrip- 
tion, watches the job for conformity and acknowl- 
edges his approval by signing the analysis sheet. 
(See Figure 1) 


The engineer then prepares the MTM in de- 
tail (Figure 2) and upon completion prepares a 
time study form with a brief description of the 
operation. The time study form is then given 
to another engineer and an independent check 
study is made of the operation. After the time 
study and MTM have been summarized, they are 
compared element by element. (See Figure 2). 
Discrepancies are discussed by the engineers. 
When they are major, both engineers look at the 
job again and take corrective measures. 


A time standard summary sheet is prepared 
(See Figure 3) showing all pertinent information. 
This sheet, along with the studies, is then taken 


to and discussed with the foreman. The fore- 
man determines the effective date of the stand- 
ard. 


Before the standard is issued to the operat- 
ing section, an Operation Detail Sheet is pre- 
pared (See Figure 4). One of these sheets is 
posted at each work station and describes the 
method, feeds, speeds and tools used; as well 
as shows the time standard and applicable part 
numbers. These operation sheets are kept cur- 
rent with all job changes. 


To keep the operators informed on their 
daily progress, a Posting Sheet is prepared, 
summarizing the previous day's work record for 
each employee. (See Figure 5). This record 
is posted daily in each foreman's section and 
shows the previous day's work. Industrial En- 
gineering uses this sheet to follow up on new 
standards as well as to spot discrepancies on 
established operations. 


Now that we are using MTM to establish 
assembly standards is it paying off? There are 
many ramifications to this question. It is diffi- 
cult to "nail down" the actual dollars and cents 
savings when comparing the use of MTM to 
time study. In our opinion, MTM standards 
are not "cheap."" The initial cost of a stand- 
ard, when using MTM, appears to be higher 
than that of conventional time study. However, 
in maintaining the standards there is a consid- 
erable saving of the engineers’ time. 


To point out these differences, a chart has 
been prepared (Figure 6) comparing the two 
systems of establishing standards. It is inter- 
esting to note that approximately the same 
amount of total time is spent on time study and 
MTM for new standards today as was in 1953, 
but considerably more time is spent on paper 
work and instructions. 


On new standards, the total cost is 12% 
more with MTM than by time study. On the 
other hand, the total standards maintenance 
cost has been reduced 12% to 13%. 


In general, we have found that MTM offers 
many advantages not necessarily associated 
with cost. Possibly you can call them intangi- 
bles. One of these is the confidence that the 
Standards Supervisor has in a standard set with 
MTM. Another is assurance that the engineers 
are establishing consistent standards. There 
are many more too numerous to mention. 
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The advantages of MTM are as follows: 


i. 


Consistent elemental times from job to 
job for the same work. 


Elimination or reduction of the possibility 
of operators changing job methods once 
the incentives are applied. 


. More confidence on the part of the stand- 


ards engineer, especially when encounter- 
ing new and different operations. 


. Cost savings resulting in better design of 


tools, fixtures, etc. 


Speed and ease of adjusting MTM stand- 


ards for minor or major element changes. 


Concise and complete descriptions on 
operations so that method changes are 
recognizable. 


7. Consistent and accurate cost estimates 


for tool planning and price determina- 
tion. 


The success of MTM in our organization 
can be attributed to these factors: 


1. We train our engineers thoroughly in 
MTM. This includes not only the formal 
training but also job training under di- 
rect supervision. 


2. We use MTM within its limitations. The 
stop watch is still very necessary. 


3. Through the use of MTM we have been 
able to check the quality of work of 
each engineer and to take corrective 
measures when a weakness is discovered. 


By following a few simple rules, MTM can be 
used successfully to solve your assembly problems. 





Interesting applications of MTM handwriting 
analysis sometimes occur in Assembly 
Operations. 





Effective use of simultaneous motions where 
mechanical handling is not available can reduce 
assembly costs substantially. 


Simple mechanical aids allow simultaneous use 
of both hands, an example of one of the funda- 
mental laws of motion economy. 





Operator instruction in the proper method is 
an important phase of any MTM analysis lead- 
ing to standards for incentive purposes. 
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TIME FORMULA APPLIED TO MACHINING OPERATIONS 
W. Holmes 


(Editor's Note: Following many requests for time formulae, the "Journal" 
submits this formula as an example. ) 


Formula Gear Dept. #30 
December 12, 1955 


PART: Cam and Crank Gears 


OPERATION: Drill, Chamfer and Tap Puller Holes 
Spot Drill Timing Mark When Necessary. 


WORK STATION: (4) Spindle Drill Press - I-5779 


ALLOWED TIME IN TMU: 
Gears Without Timing Mark - Table XII 
Gears With Timing Mark - - Table XIV 


APPLICATION: 





This formula applies to drilling, chamfering and tapping of puller holes, and spot 
drilling timing mark when necessary, on all cam and crank gears which are covered 
by the following conditions: (1) puller holes to be 3/8''-16 thread, (2) weight range 
of gears to be from 0 to 12-1/2 pounds, (3) material to be cast iron or steel bar 
stock, (4) thickness of gear at puller hole to range from 1/2 to 1-1/2 inclusive, (5) 
that feeds and speeds be the same as those shown on Tables I and II. 


ANALYSIS: 


The operator obtains a gear from tote box and places it in timing mark fixture, or 
lays it on drill press table between #1 and #2 spindles, depending upon whether or 
not timing mark is required. 


(A) When timing mark is required, the remainder of the procedure is as follows: After 
loading timing mark fixture, the operator spot drills the timing mark on #1 spindle 
with a 1/8 diameter drill. He then unloads timing mark fixture and asides piece on 
table between #1 and #2 spindles, stepping to #2 spindle at the same time. He un- 
loads piece that has been drilled, from puller hole drilling fixture and loads it in 
chamfer-tap fixture which is lying on drill press table between #2 and #3 spindles. 
He then picks up piece from table between #1 and #2 spindles, loads it into puller 
hole drilling fixture, positions fixture under drill, brings drill to work and engages 
feed. Next he steps to #3 spindle, moving chamfer-tap fixture under #3 spindle, and 
chamfers (2) puller holes. He then steps to #4 spindle while sliding chamfer-tap 
fixture under #4 spindle. He gets brush from oil can, oils tap and taps Ist. puller 
hole while palming brush. After tapping first hole he moves 2nd. hole under tap, 
oils tap again and taps 2nd. hole. While tapping 2nd. hole he returns brush to oil 


16 
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ANALYSIS: can (it will probably be necessary, during the tapping cycle, to step back to #2 spindle, 

(Continued) move drill fixture to 2nd. hole, engages feed to drill 2nd. hole and step back to #4 
spindle. Where this will occur will depend upon the thickness of the gear, type of 
material, etc.) After tapping (2) holes, he gets thread gage from holder and gages (1) 
tapped hole with go and no-go end of gage, once every (10) pieces. In doing this, he 
must be sure that the entire thread on go end of gage passes thru the tapped hole, as 
required by Inspection Department. He then steps to between #2 and #3 spindles, slid- 
ing chamfer-tap fixture to between #2 and #3 spindles at the same time. He unloads 
chamfer-tap fixture, asides finished piece in tote box and at this point obtains rough 
piece (Note: Single tote box is used for rough and finished pieces, two rows being left 
open when tote box is brought to drill press by day-worker. 





(B) When timing mark is not required, the operator, after laying piece on table from tote 
box, goes directly to #2 spindle. He then unloads drill fixture, loads piece in chamfer 
fixture, picks up piece from table and loads it in drill fixture. He then follows the 
same work cycle, as described in paragraph (A), from this point on. The foreman 
instructs operator as to which part is to be processed depending upon schedules re- 
leased to him by the Production Scheduling Department. Rough stock is brought to the 
operation by a laborer and finish parts are removed by same. 


TIME FORMULA EXPRESSION 








C = Total of elements, constant to all parts, not performed on process time. 
X = Time for drilling (2) puller holes = bere * 01} + - 0006 | 
Where: - 
2 = No. of holes drilled L = Total length of cut 
R= R.P.M. of spindle F =1.F.P.R. 
.01 = Time for spindle retraction 
.0006 = Conversion factor from minutes into TMU 


Y = Total of elements performed on process time + time for tapping (2) puller holes = 





E,+ 2 [1.5 (488 + .006) + -0006 ] 


R ) 
Where: - 
Ep = Total of elements performed on process time 
2 = No. of holes tapped 
1.5 = Time for tapping in and out (twice as fast tapping out) 
16 = Constant for threads/inch. 
L = Total length of cut 
R =R.P.M. of spindle 
.006 = Time for tap spindle to reverse 
.0006 = Conversion factor from minutes into TMU 


Z = Allowed time for gaging 


sss ee when XY 


Z=Yo £ when } a 4 


Where: - 
G 
10 


Total time for gaging 
Occurrence of 1/10 for gaging 


THEREFORE: - 





Time allowed = 1.10 (C + X or Y, whichever is greater, + Z) 
Where: - 


1.10 = Total time + 10% allowance for fatigue, personal, and unavoidable delays. 








Dwe. ne. SKETCHES (fQUIPMENT. TOOLS. PARTS. WORK PLACE LAYOUT. ETG.) 
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MTM NEWS 


DAYTON AIR FORCE DEPOT 
GRADUATES MTM PRACTITIONERS 


In an informal ceremony Colonel Leon W. 
Armour, Deputy Commander, presented certifi- 
cates to 11 Dayton Air Force Depot personnel 
for successful completion of the Methods Time 
Measurement Practitioner's Course, the first of 
its kind to be completed in Dayton, and the first 
in the government in the State of Ohio, it was 
announced today by Brigadier General Leslie G. 
Mulzer, Depot Commander. 


The course consisted of 105 hours of study 
on procedures and methods involved in the time 
measurement system. Mr. John West, Chief, 
Industrial Engineering Division of the Directorate 
of Supply and Services, conducted the class. He 
pointed out the fact that this is a very rigid 
schedule, and if an individual misses as much as 
2 classes he might as well drop out as it is al- 


most impossible to catch up once they get behind. 


He also pointed out that approximately 100 addi- 
tional hours of home work is required to suc- 
cessfully complete this course. 


Colonel Armour commended Mr. West and 
the students as 85 percent of the entire class 
successfully completed the course which, in ac- 
cordance with the National Standards, is a very 
high average. 


The present plans are to continue this train- 
ing and it is anticipated that the top supervisors 
will be given the course in the near future. 


The following personnel completed the course: 


Lt. Carl J. Wyles, Lt. Otis T. Blake, Lowell E. 
Mesarvey, Jr., Robert Sutton, Alvin J. Bonham, 
Jean Cassel, John Leiser, James H. Hannegan, 
Edwin Durr, Dallas T. Huddle, and Gerald B. 
Hanby. 


CHAPTER NEWS 





CENTRAL IOWA ASSOCIATION 


Mr. Walter E. Brown, Executive Vice-Presi- 
dent, Kiowa Corporation, Marshallton, Iowa, 
spoke on the subject, "Time Keeping by Tele- 
phone," at the May meeting. 

Mr. Brown described in detail a means of 
accounting for time, kind, and quantity of work 
produced by operators. The system that Mr. 
Brown developed and installed is based on a 
unique adaptation of a telephone-intercom net- 
work over which line foremen report job changes 
to a central timekeeper. Having observed the 
cost and results of four years of operation, he 
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was well qualified to evaluate the effectiveness 
of this system. 


CINCINNATI OHIO CHAPTER 


A Materials Handling Study was the subject 
of the May meeting in Cincinnati. Mr. Lloyd 
Durward, Industrial Engineer, Campbell-Haus- 
feld Company, presented an actual study. MTM 
was utilized in the study to analyze and evalu- 
ate. 





SOUTHERN CALIFORNIA CHAPTER 


Fred Fisher, Benjamin Borchardt and As- 
sociates, discussed the topic, "Automation, 
Work Measurement, and MTM." Mr. Fisher 
discussed the effect of Automation and its as- 
sociated high degree of electronic instrumenta- 
tion and control in the field of industrial engi- 
neering. The above topic was presented at the 
May Meeting. 

In June, the Chapter presented a panel on 
"MTM in Heavy Industry."" Bill Greenbacker, 
General Motors Corporation, Kenneth Patton, 
Modine Manufacturing Company, and Bob Edge- 
cumbe, Virtue Brothers Manufacturing Company, 
were panel members. All three of these mem- 
bers are department heads in their own con- 
cerns, and each is concerned with a type of 
manufacture where heavy weights are handled 
manually in a great many operations. The ap- 
plication of MTM to these operations was the 
subject for discussion. 


ST. LOUIS CHAPTER 


The June meeting presentation on "The 
Learning Curve as a Production Tool'' was given 
by Robert W. Baronovic, Senior Planner, Sta- 
tistics, McDonnell Aircraft Corporation. 

An introductory discussion of "Man Power 
Control Techniques" was made by S. B. Sponder, 
United States Defense Corporation. 


TORONTO CHAPTER 


Mr. James Lee, Clarkson Refinery, spoke 
on "Industrial Oil" at the May meeting. 

"Materials Handling Selection and Procure- 
ment of Equipment" was discussed by Bill 
Porter, Henry A. Martin and Associates, at the 
June Dinner Meeting. 


* * ” 


The MTM Association wishes to acknowledge 
the receipt of regular Research contributions 
from Chapter members during May and June. 

These contributions aid the Association in 
carrying on the important research work at the 
University. 





MTM NEWS 


BOARD OF DIRECTORS - MAY MEETING 
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Reading left to right: Front row - Serge A. Birn, Assistant to President; Chairman 
Administration and Policy Planning (Serge A. Birn Co.); Seth L. Winslow, Past 
President, Chairman Public Relations (A. T. Kearney Co.); John A. Willard, 
President (Bigelow, Kent, Willard, and Co.); Dr. H. B. Maynard, Past President, 
Chairman Research (Methods Engineering Council); C. H. Van Horne (Stevenson 
and Kellogg, Ltd.). 


Back row - D. W. Karger, Chairman Conference (The Magnavox Co.); A. H. Walter, 
Chairman Training (A. T. Kearney Co.); Richard F. Stoll, Executive Secretary 
(MTM Association); James McGovern, Secretary (American Boxboard Co.); Richard 
Berkley, Treasurer (Ernst and Ernst). 











— NOW AVAILABLE — 
MTM DATA ANALYSIS SHEETS — AS FOLLOWS: 


MTMA-1001 Analysis one side 2.00 
MTMA-1003 Analysis two sides 2.25 
MTMA-1002 Summary Sheets 2.50 


(price per pad of 100 sheets) 
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__ MTMA-1001 2.00 
MTMA-1002 2.50 
MTMA-1003 2.25 
NAME PLEASE SEND BILL_— dit 
POSITION COMPANY PAYMENT ENCLOSED 
Remittance must accompany 
ADDRESS orders under $5.00. 





Send order to: MTM Association for Standards and Research, 216 So. State St., Ann Arbor, Mich. 





Please send ..... . copy (copies) of the 


Journal of Methods Time Measurement 





[_] Enclosed check in the amount of $......... 
Name..... ee . cece eees . 
A Ni aii Sod olp dein earn aecaac . 


Subscription Rate: 


Domestic - U.S. and possessions and Canada - $2.50 per year 
Other - $3.50 per year 


Make checks payable to the MTM Association, 216 S. State Street, Ann Arbor, Michigan. 





RESEARCH REPORTS 


R.R. 


R.R. 


R.R. 


R.R. 


WE. 


R.R. 


101 Disengage 


This report contains a preliminary study of the element disengage. While it is still classified as 
tentative, the report contains some extremely interesting conclusions on the nature and theory of 
this element. 


102 Reading Operations 


The first step in the use of MTM for establishing reading time standards is contained in this re- 
port. In addition, the report contains a synopsis of the work done in this field by 11 leading 
authorities. 


104 MTM Analysis of Performance Rating Systems 


A talk presented at the SAM-ASME Time and Motion Study Conference, April 1952. It contains an 
analysis of performance rating systems and various performance Rating Films from an MTM 
standpoint. 


105 Simultaneous Motions 


This report represents almost two man-years’ work ona study of Simultaneous Motions. Itisa 
final report of the Simultaneous Motions project undertaken by the MTM Association. While it does 
not purport to provide complete and exhaustive answers to all problems in the field of Simultaneous 
Motions, it presents a great deal of new and valuable information which should be of interest to 
every MTM practitioner. 


106 Short Reaches and Moves 


This report contains an analysis of the characteristics of Reaches and Moves at very short dis- 
tances. It develops important conclusions concerning the application of MTM to operations involv- 
ing these short distance elements. 


. 107 A Research Methods Manual 


The research activity of the Association has developed an effective and comprehensive set of 
methods for carrying on research in human motions. This report details the major techniques 
used. Adequate sources of motion data, film analysis, data recording, and statistical methods of 
analysis are among the topics discussed. 


108 A Study of Arm Movements Involving Weight 


In this report, the results of a large investigation into the effect of weight on the performance times 
of arm movements are presented. While more effective means of determining correct time allow- 
ances for moving weights are given, the comprehensive discussion of the whole area of weight 
phenomena is probably of more fundamental importance. The effect of such conditions of perform- 
ance as the use of one or two hands, sliding vs. spatial movements, and male and female perform- 
ance are among the topics presented. 











RESERVE THESE DATES 
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INTERNATIONAL MTM CONFERENCE 21 22 23 24 25 26 27 


Hotel Statler 28 29 30 31 
New York City 
































MIM 











ASSOCIATION 

















